Comparison of contrast arteriography to
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Color flow duplex scanning was used to "map" the iliofemoral and femora/popliteal
segments in 61 patients (84 extremities) undergoing evaluation for excimer laser an#oplasty. Eight locations, iliac, common femora/, profunda femoris, proximal and distal
superficial femoral artery, proximal and distal popliteal, and tibioperoncal trtmk were
scored as normal versus abnormal, >50% stenosis, or occluded, and occlusions were
measured in centimeters. Specificity, sensitivity, and accuracy were calculated with the
arteriogram as the gold standard (83% and 96%, respectively, for normal vs abnormal,
87% and 99% for 50% stenosis, and 81% and 99% for occlusions). Color flow accurately
identified the presence and extent of occlusions in 48 of 51 extremities (94%) when
compared to arteriography plus operative findings, since arteriography alone tended t o
overestimate occlusion length. It is concluded that color flow Doppler alone may be used
to screen patients with peripheral vascular disease to assess candidacy for endovascular
procedures without antecedent arteriography, and that arteriography alone would exclude
some patients from consideration by falsely overestimating occlusion lengths. (J VAsc
SURG 1989;10:522-9.)

The ultimate goal of a noninvasive vascular test
is to replace arteriography without sacrificing accuracy. To date, arteriography has been considered the
"gold standard" for diagnosis of vascular discase bccause it provides anatomic detail not currently obtainable with other imaging techniques. However,
as a gold standard arteriography is vulnerable because
it provides little information about morphologic features of flow and plaque. Because variability in interpreting carotid arteriograms for percentage stenosis has been shown, 1 significant lesions may be
missed unless all areas are examined in at least thrce
planes.
In the extracranial carotid system duplex scanning
has provided an accurate, noninvasive, and reproducible means of evaluating occlusive disease, and
surgeons in increasing numbers have operated on
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patients without arteriography. 2 Jager et al. 3 have
shown that black and white duplex scanning is an
accurate method of evaluating the aortoiliac and femoral popliteal arterial segments by interpretation of
Doppler waveforms and velocity information from
points along the arterial tree. Widespread application
of this technique has not occurred because the test
is extremely laborious to perform, requiring 1 to 2
hours even for a skilled technologist. Color flow du:
plex sonography allows the operator to rapidly assess
areas of no flow and points of disease along several
inches of an arterial segment so that nonrandom sample volumes may be examined for flow characteristics. 4s This allows for a rapid assimilation of an arterial map depicting areas of stenosis and occlusions.
This article reports our experience with color flow
duplex sonography to map the iliac, femoral, and
popliteal segments in patients undergoing conventional arteriography for evaluation of peripheral arterial occlusive disease.
MATERIAL AND METHODS
Eighty-four extremities from 61 patients were
evaluated by both conventional contrast arteriogra-
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Fig. 1. Color flow examination of femoral artery stenosis.

Fig. 2. Color flow examination of a femoral artery occlusion.
play and computerized color flow duplex sonography.
All color flow examinations were performed by one
of the authors (J.E.) with an Acuson 128 (Acuson
Corp., Mountain View, Calif.) computerized color
flow duplex imager with a 5 MHz linear array probe.
The common femoral artery (CFA), superficial femoral artery (SFA), deep femoral artery and popliteal
arteries were examined over their entire length looking for color changes Fig. 1, which represent increased velocities. Doppler samples were obtained in
these areas to quantitate degrees ofstenosis. Velocity

criteria for grading diameter stenosis were developed
by retrospective correlation ofangiographic and noninvasive data (Table I). Occlusions were recognized
by lack of color saturation Fig. 2. A mark was made
on the patient's skin at the level of the occlusion and
at the level of reconstitution. This allowed for measurement of occlusion length and assisted in identifying the areas of intervention in follow-up examinations. An example of a completed arterial color
flow examination is seen in Fig. 3. Iliac disease was
inferred by common femoral Doppler waveform
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Fig. 3. Normal lower extremity arterial color flow examination.

Table I. Criteria for color flow duplex
determination of arterial stenosis

Table II. Iliac occlusive disease (>50% stenosis)
Arteriography

Criteria
% Stenosis
Normal
30%-49%
50%-75%
<75%
Occlusion

Peak velocity
<150
150-200
200-400
>400

Within normal
limits

Velocity ratio ~

cm/sec
<1.5 : 1
cm/scc
1.5 : i-2 : 1
cm/sec
2 : 1-4 : 1
cm/sec
>4:1
no color saturation

~Velocity ratio is the peak systolic velocity measured at the area
o f stenosis compared to the velocity in the proximal artery.

analysis Fig. 4. The accuracy in predicting >50%
iliac stenosis is outlined in Table II.
Arteriograms were interpreted in a blinded manner by two of the authors (D.C., W.W.). Composite
drawings or maps of the arterial tree were made from
interpretations of both arteriography and color flow
images. These studies were compared at the iliac,
common femoral, deep femoral, proximal superficial
femoral, distal superficial femoral, proximal popliteal,

Within normal limits

>50%

47

4

1

17

Waveform
>50%

Sensitivity, 81%; specificity, 98%; accuracy, 92%.

distal popliteal, and tibioperoneal trunk positions.
Occlusion lengths were measured in centimeters. Location and percentage stenosis were graded as normal
(<30%), less than 50%, or greater than 50%.
RESULTS
Color flow examination time was reduced from
1 hour to approximately 30 minutes with experience.
Diffuse disease without occlusions took the longest
time to examine. The arterial segment most difficult
to examine was the tibial peroneal trunk (23 of the
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Table III. Comparison of arteriography to color flow duplex imaging in detecting moderate to
severe arterial occlusive disease (30%-100% diameter reduction)
Location
Iliac
Common femoral
Profimda
Superficial

femoral (proximal)
Superficial
femoral (distal)
Popliteal (proximal)
Popliteal (distal)
Trifurcation
All segments

Accuracy
% (N)
92%
93%
93%
77%

Sensitivity
% (N)

Specificity
% (N)

Negative
predictivevalue
% (N)

94%
78%
56%
86%

92%
96%
97%
68%

(64/69)
(71/80)
(75/81)
(66/86)

81% (17/21)
71% (5/7)
72% (36/50)

98%
97%
95%
83%

97% (83/86)

97% (72/74)

92% (11/12)

99% (72/73)

85% (11/13)

93% (78/84)
94% (77/82)
89% (54/61)

87% (33/38)
79% (11/14)
50% (6/12)

98% (45/46)
97% (66/68)
98% (48/49)

97% (33/34)
85% (11/13)
86% (6/7)

90% (45/50)
96% (66/69)
89% (48/54)

90%
(568/629)

70% (7/10)

83%
(187/226)

84 segments were not visualized by color flow). Six
hundred twenty-nine sites were available for comparison. Color flow was compared to angiography
by a truth table analysis and the sensitivity, specificity,
positive and negative predictive values, and overall
accuracy of the test were calculated at each of the
eight arterial locations. Color flow scanning and arteriography were compared for normal versus abnormal (Table III), patient versus occluded (Table
IV), and greater than or less than 50% stenosis
(Table V).
Of the 84 extremities examined in the 66 patients,
51 showed segmental occlusions arteriographically
Fig. 5. Color flow correctly diagnosed the location
and length of the occlusion ( + 4 cm) in 44 extremities (86%). Color flow underestimated occlusion
length in four extremities and overestimated occlusion length in one. Six arterial segments (one CFA
and five SFAs) were occluded on arteriogram but
patent on color flow. Four of the six vessels were
subsequently identified as patent either on repeat arteriography or at the time of surgery.
O f the four extremities in which the color flow examination underestimated the length of the occlusion
in the SFA, repeatarteriography at the time of laser
angioplasty showed that the first arteriogram had actually overestimated the length of occlusion by not
showing a patent segment of SFA proximal to a distal
occlusion. Repeat arteriography is of vital importance in screening patients for percutaneous endovascular procedures, because a patent proximal SFA
segment is required for coaxial catheter guidance.
O f the six arterial segments found to be patent
by color flow and to be occluded by arteriography,
two were considered true false-negatives. Four of the
vessels found to be occluded on angiography were
subsequently found to be patent at surgery or repeat

(47/48)

Positive
predictive value
% (N)

(68/70)
(70/74)
(30/36)

96%
(385/403)

(17/18)
(7/9)
(5/9)
(36/42)

91%
(187/205)

(47/51)
(68/71)

(70/72)
(30/44)

91%
(385/424)

arteriography. Arteries one and two were a patent
CFA and SFA distal to an iliac occlusion. Artery three
was a patent SFA distal to a tight orificial stenosis
with dye filling only the deep femoral artery. Artery
four was a patent distal SFA segment in a patient
with an aortofemoral bypass graft and a proximal
SFA stenosis.
The one patient in whom the color flow overestimated the length of occlusion in the SFA had a
proximal SFA that appeared to be normal on the
arteriogram, but this segment was found to be occluded on the color flow, which was performed after
the arteriogram. At surgery the patient was found to
have an acute occlusion of the SFA, probably as a
result of the puncture.
Therefore color flow provided accurate information in 48 of 51 (94%) extremkies in which an
occlusion was present. Initial arteriography, without
complementary color flow scanning, would have erroneously eliminated eight patients from consideration for percutaneous endovascular procedures because either no proximal SFA segment could be seen
or the SFA occlusion was considered to be too long.
DISCUSSION

Tables III, IV, and V, show that the color flow
imaging may be used to accurately predict location,
length, and severity of stenoses and occlusions in the
femoral and popliteal segments. With arteriography
as the "gold standard~" some deceptively poor results
are produced such as the 0% sensitivity of the test
to detect CFA occlusion, the 58% sensitivity to detect
proximal SFA occlusion, or the 72% sensitivity to
detect significant stenosis in the proximal SFA. However, as discussed above, these results are misleading
because subsequent arteriography or observations at
surgery tended to substantiate the findings of the
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Fig. 4. Representation of common femoral waveforms to predict iliac occlusive disease. From
left to right, normal, minimal, moderate and severe disease.
Table IV. Comparison of arteriography to color flow duplex imaging in identifying
arterial occlusion
Accuracy
Location
Iliac*
Common femoral
Profimda
Superficialfemoral
(proximal)
Superficialfemoral
(distal)
Popliteal (proximal)
Popliteal (distal)
Trifurcation
All segments

% (N)
.
99% (79/80)
99% (80/81)
90% (77/86)

Sensitivity

Specificity

0% (0/1)
50% (1/2)
58% (11/19)

% (N)
.
100% (79/79)
100% (79/79)
98% (66/67)

94% (81/86)

91% (41/45)

96% (81/84)
99% (81/82)
98% (60/61)

89% (16/18)
83% (5/6)
67% (2/3)

96%
(539/560)

% (N)
.

.

81%
(76/94)

Positive
predictive value

Negative
predictivevalue

% (N)

% (N)

.
0% (0/1)
100% (1/1)
92% (11/12)

99% (79/80)
99% (79/80)
89% (66/74)

98% (40/41)

98% (41/42)

91% (40/44)

99% (65/66)
100% (76/76)
100% (58/58)

94% (16/17)
100% (5/5)
100% (2/2)

97% (65/67)
99% (76/77)
98% (58/59)

99%
(463/466)

95%
(76/80)

96%
(463/481)

Hliac arterieswere not visualized.Doppler waveformsalone cannot distinguishstenosisfrom occlusion.
Table V. Comparison of arteriography to color flow duplex imaging in detecting hemodynamically
significant arterial occlusive disease (>50% diameter reduction)
Positivepredictive
Negative
Awuracy
Sensitivity
Specificity
value
predictive value
Location

Iliac
Comhaonfemoral
Profianda
Superficialfemoral
proximal
Superficialfemoral
distal
Popiteal (proximal)
Popliteal (distal)
Trifurcation
All segments

% (N)
92% (64/69)
99% (79/80)
99% (80/81)
92% (79/86)

% (N)
81% (17/21)
80% (4/5)
80% (4/5)
82% (23/28)

% (N)
98% (47/48)
100% (75/75)
100% (76/76)
97% (56/58)

% (N)
94% (17/18)
100% (4/4)
100% (4/4)
92% (23/25)

% (N)
92% (47/51)
99% (75/76)
99% (76/77)
92% (56/61)

94% (81/86)

94% (66/70)

94% (15/16)

97% (66/68)

83% (15/18)

98% (82/84)
98% (80/82)
90% (55161)

94% (29/31)
90% (8/10)
50% (5110)

100% 53/55)
100% (72/72)
98% (50151_2

100% (29/29)
100% (8/8)
83% (5/6)

96% (53/55)
97% (72/74)
91% (50155)

95%
(600/629)

87%
(156/180)

color flow examination. Failure to arteriographicaUy
opacify a patent vessel may be due to timing, injection
site, or flow and pressure variables. Vascular surgeons
have known this for a long time and will explore

99%
(444/449)

96%
(156/162)

95%
(444/467)

nonvisualized tibial vessels for a distal bypass graft if
Doppler flow is detectable.
The role of the vascular surgeon in the evaluation
and treatment of patients with peripheral vascular
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Fig. 5. Estimation of occlusion length by colorflow compared with arteriography.

disease is evolving rapidly. In the past, an office history and physical examination usually sufficed to decide whether or not to recommended arteriography
and surgery.
Balloon catheters, lasers, and atherectomy devices
have expanded the therapeutic options available, particularly for patients with moderate to severe claudication who desire symptomatic relief without major surgery. The suitability of a particular patient for
any of the above procedures depends primarily on
the location and extent of the arteriosclerotic lesions,
and it is therefore desirable to have a noninvasive
m e t h o d to determine the underlying anatomy. For
instance, the early experience of excimer laser angioplasty of the femoral popliteal segments indicates'that
success correlates inversely with the length of the
occlusion? The patient's symptomatic status, physical findings, and anlde/brachial indexes are less accurate predictors of success. Patients with segmental
occlusions of greater than 20 cm are unlikely to be
helped by laser, whereas patients with one or more
severe stenoses might be more suitable for balloon
angioplasty. Color flow imaging allows the treating

Table VI. Criterial used to determine the
method of arterial reconstruction
Criteria for bypass
1. Suitable Inflow

2. Patent target vessel
3. Adequaterunoffbed
4. Occlusionlength unimportant
Criteria for endovascularreconstruction
1. Occlusionvs stenosis
2. Patent proximalsuperficialfemoral
artery
3. Shortocclusionlenth (<20cm)

physician to make a reasonable therapeutic recommendation before hospital admission and arteriography.
Color flow is also an effective, accurate, and noninvasive means of following patients who have undergone endovascular procedures. Serial arteriography is obviously unacceptable because of medical
risks, expense, and low patient acceptance.
Will color flow replace arteriography of the lower
extremities for patients with azotemia, dye allergy,
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or excessive fear o f angiograms as it has in selected
patients with extracranial carotid disease? Obviously,
for a carotid endarterectomy the area o f interest is
m u c h smaller and the condition o f the r u n o f f bed is
o f less compelling significance than for femoral popliteal bypass grafting. H o w e v e r , anatomic criteria for
an endovascular procedure are significantly different
f r o m those for a long bypass procedure in the leg
(Table V I ) , and in m o s t cases they m a y be accurately
assessed w i t h o u t arteriography. Color flow is an effective means o f evaluating the nature o f the obstructing lesion itself, whereas arteriography remains
superior at this time in identifying the appropriate
target vessel and the status o f the r u n o f f bed.
Color flow duplex s o n o g r a p h y is an accurate noninvasive means o f identifying normal, stenotic, or
occluded segments in the femoral or popliteal arteries. T h e tibial peroneal trunk and r u n o f f vessels are
m o r e accurately assessed by arteriography at this
time. H o w e v e r , arteriography tends to overestimate
occlusion length and fails to opacify arterial segments
just proximal and distal to occlusions. Color flow is
a suitable test for selection o f therapeutic options for

DISCUSSION

Dr. Dennis Baker (Los Angeles, Calif.). It has been
said that ultrasound studies and magnetic resonance imaging will probably replace most conventional angiography
studies within the next 10 years. This study shows the
success of duplex scanning in the evaluation of common
and superficial femoral arteries, especially in the selection
of cases for percutaneous treatment. Correct identification
of location and estimated length of occlusion was achieved
in 86% of patients evaluated. In some cases the ultrasound
study was described as being better than the arteriography.
There were four cases in which the duplex scan and the
arteriogram did not agree and in which repeat angiograms
showed the initial study to be in error. One must question
the quality of the initial contrast study in these four cases.
Certainly it is not reasonable to compare a poor quality
angiogram with a high quality ultrasound scan.
Does this report include a series of consecutive studies,
or were the cases selected based on the quality of the duplex
scan? As new techniques are reported we must be concerned with how reasonably they can be used in the average
clinical setting. H o w long is the learning curve for this
application of the duplex scanner? H o w much experience
is required to reduce the examination time from i hour to
30 minutes? If the ultrasound scan is to replace the angio-

patients u n d e r g o i n g percutaneous endovascular procedures, but is not yet refined e n o u g h to replace arteriography in patients requiring infrageniculate bypass procedures.
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gram for clinical management, we need a simple, easily
understood way of representing the findings. Do you use
an anatomic drawing as part of your report so that the
clinician has an accurate localization of the stenosis or occlusion?
I am disappointed that you did not try to obtain a
more accurate evaluation of lilac stenosis. Qualitative evaluation of common femoral waveforms has been shown to
have error rates of approximately 25% to 30%. I strongly
urge that therapeutic decisions regarding inflow disease not
be made on the basis of such an approach. I would have
hoped that you would have evaluated the lilac segment by
direct duplex scanning as has been reported by other studies. The problems with bowel gas that you describe encountering can be minimized with an overnight fast.
Do you have any experience with serial studies to show
progression of superficial femoral artery lesions, functional
improvement after balloon dilation, and restenosis a~er
such procedures? Have you determined the variability of
repeat measurements to help with our use of duplex scanning in sequential evaluations?
This article provides us with another clinical application of duplex scanning in the evaluation of vascular disease
and represents a further step in the displacement of contrast
angiography.
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Dr. David Cossman (closing). I would like to thank
Dr. Baker for his insightfifl comments regarding our study.
Unfortunately, not all of our arteriograms are biplanar,
and therefore in many cases we were comparing highquality ultrasonography with low-quality arteriography as
the "gold standard." In general, it takes approximately 6
months for a skilled technologist to become proficient with
this technique. Except in cases of severe diffuse multisegment disease, most patients may be studied within the 30minute time period. We do have an anatomic facsimile that
accompanies our studies to help the clinician have an accurate representation of the localization and extent of the
occlusive disease.
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We were disappointed in the failure of color flow duplex scanning to improve on iliac artery ultrasonography
and Doppler waveform analysis. In all cases we were able
to obtain Doppler waveforms and make inferential judgments regarding the presence or absence of iliac occlusion
or stenosis. However, because of bowel gas, we were unable to visualize the iliac arteries themselves in a significant
number of cases. Perhaps the greatest application of color
flow is in following patients who have had endovascular
procedures. Patients in the excimer laser program are studied monthly, so we have good data regarding the progression or return of disease after endovascular procedures.

